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INTRODUCTION
Biodiversity encompasses many scales of variation
in biological organisation and is critical for ecosystem
functioning and productivity (Naeem et al. 1994,
Tilman et al. 1996, Bengtsson 1998). Biodiversity en-
ables efficient use of ecosystem resources due to a di-
versity of functions, performed by a range of species
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ABSTRACT: The ability of species to maintain ecosys-
tem functions under environmental stress depends on
their vulnerability, adaptability and potential for dis-
persal and re-establishment. Species that share traits
can perform similar functions, thus offering functional
redundancy, and therefore potentially confer resili-
ence in ecosystem function. In this regard, both spe-
cies abundance and occurrence across a landscape
are likely to affect the importance of redundancy. To
investigate spatial patterns in functional redundancy,
we assessed the degree to which specific functional
traits linked to ecosystem function are shared, along
with patterns of abundance and distribution, in a
macrobenthic community (115 taxa; 23 682 individu-
als) sampled in 400 plots from a large intertidal area
(300 000 m2). We defined 26 functional groups; 85% of
these contained more than 1 species and 50% more
than 3 species. Most functional group (22 of 26) distri-
butions were non-random (as identified by Moran’s I)
and fell into 1 of 3 spatial patterns — gradients (n = 8
function groups), and large (n = 2) and small patches
(n = 12) — that separate the functional attributes of the
macrobenthic community. Only 2 functional groups
exhibited low species richness and low abundance,
but their widespread occurrence could provide resili-
ence to small-scale disturbances. This spatial consid-
eration of functional group distribution stresses the
notion that resilience is likely to be scale-dependent
rather than a commodity on offer across a whole sys-
tem. Our findings emphasise the importance not only
of within-functional group species richness but also of
abundance and occurrence as a framework to investi-
gate functional diversity and resilience of benthic
seafloor communities.
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A portion of the sandflat (Kaipara Harbour, New Zealand)
sampled to assess the spatial distribution of functional attrib-
utes in the macrobenthic community.  The quadrat is 1 m2. 
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occupying different niches, engaged in utilising and
recycling resources (Tilman 1999). Therefore, con-
serving biodiversity is fundamental to maintaining
the integrity of ecosystem functioning (e.g. Strong et
al. 2015). Yet, despite conservation efforts, biodiver-
sity is continuing to decline across a wide range of
ecosystems (Bengtsson et al. 1997), due to habitat
 destruction, overexploitation, climate change, or spe-
cies invasions (Mouillot et al. 2013). Thus, there is a
pressing need to understand how biological features
of ecological communities affect their response to
stressors and which domains of scale should be stud-
ied to robustly describe the consequences of impacts
on ecosystem function.
Research on the relationship between biodiversity
and ecosystem functioning has taken 2 tracks. One is
largely centred on the roles that single species play
in regulating ecosystem processes (Wardle et al.
2000), whereas the other focusses on differences in
species richness and evenness to explain changes in
functional performance of communities (Hewitt et al.
2010). These aspects need to be reconciled because
such richness- and evenness-based approaches as -
sume that all species are potentially equal with
respect to function, when in reality species can hold
very different roles in contributing to ecosystem
function (Posey 1987, Walker 1992, Bengtsson 1998).
A focus on the functional role of only single species
ignores potential complementarity and redundancy
(Walker 1992). Where biological traits are shared by
multiple species, functional redundancy can provide
for continued function when individual species are
lost due to their susceptibility to a specific stressor.
In this context, an additional major challenge of
understanding ecosystem functioning lies in inte-
grating spatial heterogeneity in the analysis of spe-
cific functional group abundances and traits (Thrush
1991, Legendre & Legendre 2013, Violle et al. 2014).
The abundance and occurrence of individual species
within a functional group varies within and across
habitats (Walker et al. 1999, Wellnitz & Poff 2001,
Rosenfeld 2002). Thus, redundancy within functional
groups is likely to be affected by spatial heterogene-
ity in community composition (Naeem et al. 2012,
Tscharntke et al. 2012). Therefore, descriptions of
redundancy in trait representation alone are likely to
be insufficient to provide realistic assessments of
functional resilience. Conceptually, spatial variation
in functional performance and connectivity between
patches should influence resilience to stressors
(Tscharntke et al. 2012).
Although species traits are commonly used as sur-
rogates for ecosystem processes or functions, caveats
on their use exist. Firstly, trait−function relationships
are often not supported by mechanistic experiments
(Snelgrove et al. 2014). Secondly, although species
may appear to perform the same function (i.e. be re -
dundant), their functional roles may vary across envi-
ronments (Walker 1992, Wellnitz & Poff 2001). For
example, depending on sediment characteristics, the
bivalve Macoma balthica can alternate between
deposit- or suspension-feeding (Ólafsson 1986), and
the crab Austrohelice crassa shifts from burrow
builder to bulldozer across a mud−sand gradient
(Need ham et al. 2010), promoting different roles and
functional associations in soft-sediment communities.
However, underpinning trait−function relationships
by mechanistic experiments across all possible traits
and potential habitat dimensions is a major task.
Therefore, traits are currently the best surrogates for
function. Furthermore, summarising functional traits
across all data has been pursued using single-trait (as
in this study) or multi-trait indices. Although statisti-
cally advanced, the latter tend to obscure functional
diversity patterns in complex landscapes, as they
ignore community assembly processes (Spasojevic &
Suding 2012, Butterfield & Suding 2013).
Marine benthic communities provide a unique
opportunity to test ideas regarding the spatial archi-
tecture of functional diversity due to their high diver-
sity, multiple trophic levels, ease of sampling, and the
existence of large environmental gradients and a
number of different habitats within relatively small
areas (e.g. Snelgrove et al. 2014). In addition, func-
tional traits have proved useful in marine systems to
test relationships between functional diversity and
ecosystem function (e.g. Törnroos & Bonsdorff 2012,
Rodil et al. 2013). To describe the spatial variation of
a sandflat functional community, we sampled 115
taxa (referred to as ‘species’ throughout; 23 682 indi-
viduals) and assigned each species to a functional
group (Walker 1992, Törnroos & Bonsdorff 2012). By
examining the potential for the sharing of biological
traits by species with different patterns of abundance
and occurrence, we determined the degree of redun-
dancy within functional groups (Gray et al. 2006,
McGill et al. 2007, Gray & Elliott 2009). Furthermore,
spatial structure in functional group distributions was
quantified by measures of spatial autocorrelation, i.e.
the co-variation of group distributions with geogra -
phic space (e.g. Legendre & Legendre 2013), which
to date has received little attention. This ap proach
not only acknowledges autocorrelation in analyses of
the statistical validity on patterns, it also enhances
ecological interpretation of complex data (Thrush
1991, Kraan et al. 2010, 2013). Additionally, we
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explored the importance of environmental variables
for explaining the spatial variation in functional
groups. Hence, we took the first steps to inform bio-
diversity− ecosystem functioning relationships by un -
tangling the roles of spatial heterogeneity and func-
tional group richness and abundance. Our ana lyses
emphasise the role for spatial variation in functional
diversity and redundancy in defining benthic com-
munity resilience.
MATERIALS AND METHODS
Data collection
Biological data
Samples were collected during April 2012 at 400
predetermined plots in an extensive intertidal sand-
flat in Kaipara Harbour, New Zealand. We used a
spatially structured sampling design encompassing
300 000 m2 that enabled us to sample a wide range of
scales between 30 cm and 1 km, balancing the -
number of plots for different distance classes and
sampling effort (Kraan et al. 2015). Sampling covered
an offshore gradient in the intertidal area from the
high- to the low-water mark to ensure all environ-
mental variation was included. Plots
were located using handheld GPS
(Garmin 78sc) and a 100 m tape meas-
ure. In each plot, a macrofaunal core
(13 cm diameter, 20 cm deep) was col-
lected and sieved (500 µm mesh), and
the residue stored in 70% isopropyl
alcohol (diluted with seawater). In the
laboratory, samples were stained with
2% Rose Bengal, sorted and identified
to the highest practical taxonomic res-
olution (mostly species level).
Environmental data
At each plot, 0.25 m2 of the sediment
surface was photographed prior to any
sampling disturbances to determine
percentage coverage of the seagrass
Zostera muelleri, shell hash (broken
shell fragments) and bare sand. Cov-
erage was estimated using 75 random
points superimposed on the plot pho-
tos (see Kohler & Gill 2006). Within the
quadrat, 3 sediment cores (2 cm dia -
meter, 2 cm deep) were amalgamated to measure
 sediment particle size, organic content and chloro-
phyll a (chl a) concentration. Sediment samples re-
mained in the dark and on ice until arrival at the
 laboratory, where they were freeze-dried prior to pro-
cessing. Sediment particle size (median grain size in
µm and percentage fractions — silt: <63 µm; very fine:
63−125 µm; fine: 125−250 µm; medium: 250− 500 µm;
coarse: >500 µm), organic content and chl a (mg g−1)
were analysed following Needham et al. (2011) and
Jones et al. (2011).
Traits data
All 115 species were assigned to at least 1 of the
traits for each of 6 functional attributes reflecting life
history, morphology and behavioural aspects that
are linked to sediment biochemistry and stability
(Table 1; Rodil et al. 2013, Snelgrove et al. 2014). We
focussed on these ecosystem functions, as the effects
of macrobenthic fauna on their performance have
been shown (e.g. Jones et al. 2011, Thrush et al.
2014, Lohrer et al. 2015). Functional groups were
derived from a trait-based index (Rodil et al. 2013),
taxonomic information such as the Marine Life In -
formation Network (MarLIN; www.marlin.ac.uk) and
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Functional                   Functional trait                                                     Code
attribute
Body hardness             Calcified (fully calcified shell)                                B
                                     Soft-bodied                                                              C
                                     Rigid (chitinous exoskeleton or endoskeleton)     D
Feeding behaviour      Suspension-feeder                                                   E
                                     Deposit-feeder                                                         F
                                     Predator/scavenger                                                 G
                                     Grazer                                                                      H
Living position            Attached                                                                   I
                                     Above surface                                                          J
                                     Top 2 cm                                                                   K
                                     Below surface (movement between layers)           L
                                     Deep                                                                         M
Movement ability        Freely mobile on or in sediment                            N
                                     Limited movement, usually in sediment               O
                                     Sedentary/movement in a fixed tube                    P
Living structure           Tube                                                                         Q
created                        Permanent burrow                                                  R
                                     Large burrow (larger crustaceans)                         S
                                     None                                                                         T
Body size (based on   Small (<5 mm)                                                         U
adult size sourced      Medium (5−20 mm)                                                 V
from literature)            Large (>20 mm)                                                      W
Table 1. Functional attributes, traits and codes for macrobenthic fauna
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the World Register of Marine Species (WoRMS;
www. marinespecies.org), relevant literature (e.g.
Hewitt et al. 2008) and results from extensive experi-
mental field studies (e.g. Thrush et al. 2014 and ref-
erences therein, Lohrer et al. 2015). We used fuzzy
coding (Chevene et al. 1994) for 8 species, which we
could not clearly assign to a single functional group.
This initially resulted in 77 functional groups repre-
senting different trait combinations. We aggregated
functional groups whose impacts on sediment bio-
geochemistry and stability were shared. For exam-
ple, we did not distinguish between predatory and
scavenging gastropods because feeding mode was
unlikely to affect the functions of interest. On aver-
age, 75% of the individuals in a functional group har-
boured the dominant/ reported traits. Size was
included for only those taxa for which it has been
recognised to be important to ecosystem functioning,
such as large bioturbating bivalves (Norkko et al.
2013). This approach resulted in 26 functional groups
(Table 2, Table S1 at www. int-res. com/ articles/ suppl/
m548 p001_ supp. pdf), con sisting of 1 to 13 species.
Group (n)        Trait code        Description                                                                                        Example
1 (3)                 BEIPTU            Calcified, suspension-feeding, attached                                         Austrominius modestus
2 (2)                 BEKNTW         Calcified, suspension-feeding, top 2 cm, freely mobile                 Austrovenus stutchburyi
3 (4)                 BEKOTU         Calcified, suspension-feeding, top 2 cm, limited mobility             Soletellina siliquens
4 (1)                 BEKPTV          Calcified, suspension-feeding, top 2 cm, sedentary                      Musculista senhousia
5 (11)               BGJNTV          Calcified, deposit/predator/scavenger/grazer, above surface,     Zeacumantus lutulentus
                                                 freely mobile
6 (5)                 BFKOTU          Calcified, deposit-feeding, top 2 cm, limited mobility                   Linucula hartvigiana
7 (3)                 BFKNTU          Calcified, deposit-feeding, predator/scavenger, top 2 cm,           Pisinna zosterophila
                                                 freely mobile
8 (2)                 BFMOTW        Calcified, deposit-feeding, deep, limited mobility,                        Macomona liliana
                                                 no habitat structure, large
9 (1)                 CEIPTV           Soft-bodied, suspension-feeding, attached                                    Anthopleura aureoradiata
10 (4)               CEKQPV         Soft-bodied, suspension-feeding, tube structure                           Boccardia syrtis
11 (1)               CFKNTW        Soft-bodied, deposit-feeding, top 2 cm, freely mobile                   Travisia olens
12 (4)               CFLNTV          Soft-bodied, deposit-feeding, below surface, freely mobile          Orbinia papillosa
13 (13)             CFLOTU          Soft-bodied, deposit-feeding, below surface, limited mobility     Heteromastus filiformis
14 (3)               CFMORU        Soft-bodied, deposit-feeding, deep                                                 Barantolla lepte
15 (6)               CFLPQU          Soft-bodied, below surface, tube structure                                     Owenia petersenae
16 (3)               CGKNTU        Soft-bodied, predator/scavenger, top 2 cm, freely mobile            Dorvillea sp.
17 (5)               CGKOTV        Soft-bodied, predator/scavenger, top 2 cm, limited mobility        Oligochaeta
18 (13)             CGLNTU         Soft-bodied, predator/scavenger, below surface, deep,                Aglaophamus macroura
                                                 freely mobile, no habitat structure
19 (3)               CGLOTU         Soft-bodied, predator/scavenger, below surface,                          Hesionidae spp.
                                                 limited mobility
20 (3)               CFLPQV          Soft-bodied, above surface, top 2 cm, below surface,                   Phoronis sp.
                                                 deep, sedentary, tube structure
21 (5)               DEKNRV         Rigid, suspension-feeding, top 2 cm                                               Paracorophium spp.
22 (11)             DGKNTU        Rigid, deposit-feeding, predator/scavenger, top 2 cm,                 Waitangi brevirostris
                                                 freely mobile, no habitat structure
23 (6)               DGJNTV         Rigid, above surface, freely mobile                                                 Colurostylis lemurum
24 (2)               DFJNTW         Rigid, above surface, freely mobile, large                                      Ophiuroidea sp.
25 (1)               DGIOTU          Rigid, predator/scavenger, attached                                               Pinnotheres novaezelandiae
26 (8)               DGJNSW         Rigid, predator/scavenger, below surface, freely mobile,            Hemiplax hirtipes
                                                 large burrow former
Table 2. Functional group number (n species), trait code (see Table 1), description of dominant traits and example species
(see Table S1 at www. int-res. com/ articles/ suppl/ m548 p001_ supp. pdf for a full species list, including their occurrence and 
abundance)
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Data analysis
To verify that we had collected sufficient samples to
capture benthic and functional diversity, species and
functional group accumulation curves were generated
using PRIMER (Clarke & Warwick 2001, Anderson et
al. 2008). We based our assessment on the Ugland,
Gray and Ellingsen distribution (Ugland et al. 2003),
as it recognises that heterogeneity in species richness
can occur within subareas, and that this may have im-
portant consequences for estimating species richness
(see Mao & Colwell 2005, Thrush et al. 2006).
Moran’s I coefficient (see Kraan et al. 2009, 2010)
was used to quantify the degree of correlation be -
tween samples with increasing distance (Dormann
et al. 2007, Legendre & Legendre 2013), using the
program Spatial Analysis in Macroecology (SAM;
Rangel et al. 2010). Values range from +1 (strong
spatial clumping), 0 (random distribution), to −1 (ex -
treme evenly dispersed distribution). Plots of Moran’s
I values against distance, so-called correlograms, of-
fer information on patterns in the spatial distribution
of variables (Kraan et al. 2010, Legendre & Legendre
2013). To ensure comparable power to detect differ-
ences in functional group abundances, defined as the
number of individuals within a functional group, sim-
ilar numbers of sampling points within each distance
interval were used in all distance classes (ranging
from 9812 to 10 080 pairs). Significance of Moran’s I
values were determined using 999 permutations at a
significance level of 0.05, followed by a sequential
Bonferroni correction to ac count for multiple testing
(Legendre & Legendre 2013).
To assess how much of such spatial variation could
be attributed to environmental factors, we used
canonical correspondence analysis (CCA) to assess
the relationship between the 26 functional groups
and sedimentary variables using CANOCO v.4.5 (ter
Braak & Smilauer 2002). Raw abundances with down
weighting of rare species — i.e. giving such species a
lower weight than the more common species based
on their frequency of occurrence — were used, as this
im proved explained variation by the first 2 ordination
axes and provided a better spread between them (ter
Braak & Smilauer 2002).
RESULTS
The accumulation curves (see Fig. S1 at www. int-
res. com/ articles/ suppl/ m548 p001_ supp. pdf) indicated
that we were able to characterise the community and
functional groups after collecting approxi mately 30
samples. The 4 most common functional groups were
small deposit-feeding polychaetes (Group 13; 27%
abundance), large suspension- feeding and mobile
bivalves (Group 2; 11% abundance), tube-forming
polychaetes (Group 10; 9% abundance) and deep-
living deposit-feeding bi valves (Group 8; 9% abun-
dance). A total of 17 functional groups had <5% total
cumulative abundance and 10 had cumulative abun-
dances <1% (see Table 1).
Functional redundancy conferred by within-
functional group species richness was common with
85% of the functional groups containing >1 species,
63% with 3 species and 50% containing >3 species
(Tables 2 & S1). The 4 functional groups with the
highest redundancy were small deposit-feeding
polychaetes (Group 13; 13 species), predator/scav-
enger polychaetes (Group 18; 13 species), isopods/
amphipods occurring in the top 2 cm of the sediment
(Group 22; 11 species) and surface-dwelling mobile
gastropods (Group 5; 11 species). Functional groups
encompassing large suspension-feeding and mobile
bivalves, deep-living deposit-feeding bivalves, or
large above-surface mobile Astero zoa, were com-
posed of only 2 species (Tables 2 & S1). The mean
number of species per functional group was 5. A total
of 4 functional groups (i.e. 9, 11, 4 and 25) were
 represented by only 1 species each, i.e. Anthopleura
aureoradiata, Travisia olens, Musculista senhousia
and Pinnotheres novaezelandiae, respectively.
The number of times a functional group was found
in the 400 plots, i.e. occurrence, was classified as
high (>50%), medium (10−50%) or low (<10%).
Groups characterised by deposit- and suspension-
feeding bivalves, or tube-forming polychaetes (e.g.
Group 15), had high occurrence, indicating these
groups are widely distributed. For example, Group
13 occurred in 93% of the plots. Functional groups
associated with deep-living or being attached to
other species/substrates were typically associated
with low occurrences (e.g. Group 9), as they are very
patchily distributed. Functional groups that do not
lead to direct changes of the sediment biochemistry
and stability, such as soft-bodied scavengers (e.g.
Group 17), scored a medium occurrence (see
Table S1 for abundance information).
Functional groups showed substantial variation in
their spatial patterns. Random distributions were
shown by only 4 functional groups (7, 16, 24, 25)
(Fig. 1 and see Fig. S2 in the Supplement for all func-
tional groups). Most functional groups fell into 1 of
the following 3 types of pattern: (1) gradients (shown
by 8 functional groups: 1, 2, 4, 10, 12, 15, 17, 20),
where functional group abundance becomes increas-
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ingly different as the distance between samples
increases, shown by points farther apart having very
different Moran’s I coefficients; (2) large patches
(shown by 2 functional groups: 6, 13), represented by
significant positive autocorrelations at the shortest
and longest distances, with negative correlations in
the intermediate distance classes; and (3) multiple
patches (shown by 12 functional groups: 3, 5, 8, 9, 11,
14, 18, 19, 21, 22, 23, 26), where an oscillation of sig-
nificant positive autocorrelation is followed by nega-
tive autocorrelation. The interpretation of correlo-
grams exhibiting large patches is difficult, as such
structures are typical of either spatial patterns domi-
nated by one large patch or a saddle-shaped pattern
(e.g. Legendre & Fortin 1989). Maps (see left sides of
Figs. 1 & S2) confirmed these patterns to be based on
large patch structures.
Explained variation by the first CCA axis was
25.7% (p = 0.002) and by the second CCA axis was
11.7% (p = 0.002), while the total amount explained
by sedimentary variables collectively was a modest
28% (Fig. 2). For example, Group 2 (large mobile
suspension-feeding bivalves) was weakly positively
correlated with medium/coarse sand and weakly
negatively correlated with fine particles, whereas
Groups 10, 15 and 20 (variations of tube-forming
polychaete) were weakly negatively correlated to the
latter environmental characteristics. One of the most
6
Fig. 1. Left: spatial distribution of functional groups based on interpolated (log-transformed) abundances (filled contours; darker
shading denotes higher abundances; range 0 to 2.1) and functional group richness (scaled points; larger points indicate higher
richness; the largest number of co-occurring species within a functional group is 6 species [see Fig. S2 in the Supplement at
www. int-res. com/ articles/ suppl/ m548 p001_ supp. pdf]). Right: correlograms, based on functional group abundance (see left
panels), illustrate (a) a gradient, (b) a large patch and (c) multiple patches. Filled symbols denote significant Moran’s I values. 
Note that (a) is truncated at −0.6
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species-rich functional groups, Group 18 (mobile
predator/ scavenger polychaetes), was negatively
correlated with chl a and organic content, and pre-
ferred finer sediments. The distribution of Groups 5
(surface-dwelling gastropods), 7 (top 2 cm mobile
deposit-feeding gastropods), 16 (top 2 cm mobile
predator polychaetes), 22 (isopoda/amphipoda top
2 cm), 24 (large above-surface mobile Asterozoa) and
26 (large burrow-forming crustaceans) appeared to
be related to seagrass cover and silt concentration.
DISCUSSION
Addressing spatial heterogeneity in diversity is crit-
ical, as increased anthropogenic stress often leads to
habitat homogenisation, thereby threatening biodi-
versity (Loreau et al. 2001, Naeem 2002). Our empiri-
cal study defines spatial heterogeneity of functional
diversity and redundancy as a proxy for resilience of
biodiversity−ecosystem function relationships across
300 000 m2 of superficially homogeneous sandflat. As
such, it provides an illustration of
functional diversity, based on abun-
dance, occurrence and spatial struc-
ture of functional group distributions.
There were spatial gradients and
clear boundaries of abundance and
occurrence separating the functional
attributes of the benthic community.
Redundancy is an important ele-
ment of resilience, whereby a greater
number of species performing the
same function act to reinforce that
function against the negative impacts
of stressors (Cardinale et al. 2012,
Naeem et al. 2012). With 85% of
groups consisting of 2 or more spe-
cies, and 50% containing 4 or more
species, most functional groups in this
study showed a degree of redun-
dancy. Additional elements of resili-
ence, i.e. abundance and occurrence,
are often ignored. Yet, functional
groups that have a high abundance
coupled with low occurrence may
be, for example, more vulnerable to
small-scale or point-source stressors
that can devastate the population (de
Juan et al. 2007, Rodil et al. 2011).
Similarly, functional groups with low
abundances and high occurrence
may be more resilient to small-scale
stressors because they can readily re-colonise follow-
ing a disturbance, e.g. after a predation (Thrush et al.
1994) or localised sedimentation event (Norkko et al.
2013). Although they are not locally abundant per se,
they are likely to have a high degree of redundancy
provided by their broad-scale occupancy. These ad -
ditional elements of resilience should affect how we
interpret functional group redundancy based solely
on species richness and the consequences of lo ca -
lised disturbances/stressors in a heterogeneous land-
scape on ecosystem function.
On New Zealand sandflats, 2 functional groups
(Group 2: large mobile suspension-feeding bivalves;
Group 8: large and deep-living deposit-feeding bi -
valves) are of critical importance to community archi-
tecture and sediment biochemistry (Thrush et al.
2012, 2014, Pratt et al. 2015). Each of these groups is
dominated by a single abundant and widely occur-
ring species, Austrovenus stutchburyi (n = 929, oc -
cur ring in 55% of the samples) in Group 2 and Maco -
mona liliana (n = 1952, occurring in 95% of the
samples) in Group 8. While low redundancy in these
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Fig. 2. Canonical correspondence analysis between the 26 functional groups
(indicated by numbers, see Table 2) and sedimentary variables: median grain
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content (LOI), and surface coverage of bare sand (sand), shell hash (shell) and 
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functional groups (n = 2 species) indicates vulnerabil-
ity (e.g. Micheli & Halpern 2005), this may not neces-
sarily be offset by high abundance if occupancy is
low (i.e. all individuals concentrated in one place).
The spatial extent of stressors is a very important
aspect of predicting changes in resilience (Thrush et
al. 2000, 2005, Hewitt et al. 2010). Some stressors,
such as storms or desiccation events, are likely to
influence the whole sandflat ecosystem (Gray &
Elliott 2009 and references therein). Others, such as
predator impacts (e.g. eagle rays or shorebirds), are
local. It is therefore necessary to determine the spa-
tial distribution and environmental range of func-
tional groups in order to assess their resilience to dif-
ferent types of stress or disturbance (Legendre &
Legendre 2013). The spatial patterning of functional
groups was quite diverse across the site. Species-rich
functional groups characterised by small deposit-
feeding polychaetes, amphipods and isopods (e.g.
Group 21) were distributed throughout the site in
various abundances. Alternatively, tube-forming
poly chaetes (e.g. Group 10) showed aggregations
and marked boundaries to their distribution, which
suggests this functional group may be vulnerable to
small-scale stressors. Differences in biological (phys-
ical and behavioural) use of habitat are likely to be
influencing the opposing spatial structure of func-
tional groups. Large suspension-feeding and mobile
bivalves (e.g. A. stutchburyi or Paphies australis) de -
stabilise sediments (Posey 1987). In contrast, tube-
worms (e.g. Boccardia syrtis) stabilise sediments
(Fager 1964, Posey 1987) and are therefore directly
conflicting with the former functional group. Spatial
distribution of large predatory polychaetes, such as
Ceratonereis sp. or Glycinde spp., may also cause
heterogeneity in spatial structure.
Functional groups may have apparent resilience
due to their abundance and occupancy characteris-
tics, but they might in fact still be highly vulnerable
owing to their low tolerance to environmental stress
(Walker 1992, Walker et al. 1999). Environmental
variables are typically a major influence on spatial
distribution and diversity (Thrush et al. 2005, Kraan
et al. 2010, 2015). Indeed, CCA indicated that meas-
ured environmental parameters were moderately
related (total explained variance 28%) to the distri-
bution of functional groups in the ordination space.
This therefore suggests that, in addition to the meas-
ured environmental variables, biological interactions
between functional groups are likely to be driving
the spatial structure of functionality at the site (see
Legendre & Legendre 2013), or that the environmen-
tal variables important for structuring benthic com-
munities at this scale have not been measured (Kraan
et al. 2015).
Our analysis of 115 species across 300 000 m2 of
sandflat offers a demonstration of how redundancy
needs to be linked to patterns of trait richness, abun-
dance, occupancy and spatial pattern in order to gain
insight into functional redundancy as a proxy for
resilience. The community and traits approach de -
monstrated that variations in the presence of particu-
lar functions are common, even across a single inter-
tidal sandflat. In addition, there were marked and
contrasting differences in their spatial distributions.
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